The purpose of this paper is to examine the strength of the relationship between unemployment and GDP, the extent to which this relationship has been stable in Virginia metropolitan statistical areas (MSA) during the Great Recession and to examine the importance of regional spillovers in Okun's law. Our results suggest that regional spillovers are very important in local labor markets and in defining the relationship observed at the national level. The MSA level data further supports asymmetries in Okun's law. The weaker direct relationship between GDP and unemployment at the local level suggests that while federal fiscal and monetary policies to stimulate aggregate demand during periods of economic recovery may be effective, over time, in reducing the unemployment rate, local economic development policies are not effective in achieving the substantial short term reduction in unemployment needed during recovery. The strong business cycle effects observed in the state MSA, relative to the U.S., suggests that countercyclical policies are fundamentally important and should be targeted more generally to exploit regional spillovers.
Introduction
In the wake of the Great Recession, unemployment persists as a significant problem despite moderate growth in economic activity. This apparent disconnect between economic growth and unemployment is particularly concerning, especially in the context of efforts to formulate policies, at both the national and local levels, to promote economic growth to address labor market concerns. The purpose of this paper is to estimate the relationship between the unemployment rate and economic growth, a relationship defined by Okun's Law, in Virginia Metropolitan Statistical Areas (MSA) and the District of Columbia in order to highlight the importance of regional spillovers in determining the local rate of unemployment as well as in reconciling estimates for Okun's law at the national and sub-national levels.
International analyses suggest a weaker relationship between economic growth and unemployment at the sub-national level [see, for example, Apergis and Rezitis (2003) , Christopoulos (2004) , Villaverde and Maza (2009) , Perugini (2009) , Kangasharju et al. (2012) , Binet and Facchini (2013) and Oberst and Oelgemöller (2013) ]. State level estimates of Okun's law in the U.S. are generally consistent with national estimates, though they tend to show a greater degree of variability [see Blackley (1991) , Freeman (2001) and Madsen (2009, 2012) ]. Yazgan and Yilmazkuday (2009) find that Okun's coefficient has been converging through time around geographic clusters of U.S. states which underscores the importance of regional forces in local labor markets.
We further examine asymmetries in Okun's law across the business cycle as well as the importance of regional spillovers during periods of contraction. The stability of Okun's law through time has been a source of concern [see Weber (1995) , Moosa (1997) , Silvapulle et al, (2004) , Holmes and Silverstone (2006) , Knotek (2007) , and Ball et al. (2013) ]. This concern is particularly apparent in the context of policy efforts to address weak labor market performance since the onset of the Great Recession [see Ball and Koenig (2009) and Owyang and Sekhposyan (2012) ] and other jobless recoveries [see Holmes and Silverstone (2006) ].
The empirical evidence suggests that the relationship between unemployment and output growth is stronger during periods of economic contraction [see Cuaresma (2003) , Silvapulle et al. (2004) , Holmes and Silverstone (2006) , and Owyang and Sekhposyan (2012) ]. We extend these analyses to assess the degree to which asymmetries in Okun's law are a feature of local economies and the extent to which the strength of these effects mirrors that for the U.S.
In this paper, we estimate a Panel Spatial Durbin Model which accounts for spatial dependency and estimate the importance of regional spillovers in local labor markets. Kuscevic (2012) examine Okun's law in U.S. MSA by specifying a Panel Spatial Durbin Model, yet without considering possible asymmetries during the Great Recession. Oberst and Oelgemöller (2013) estimate the relationship between output and unemployment in German regions in this framework but focus primarily on within region effects rather than indirect spillover effects.
Our primary focus is on evaluating the strength of Okun's law at the regional level, during the Great Recession and the importance of regional spillovers in local labor markets. We focus our analysis on Virginia Metropolitan Statistical Areas (MSA) and the District of Columbia. A relatively narrow study region is justified by the fact that the strength of regional integration depends, in part, on proximity. Furthermore, the MSA represent a diverse array of economic conditions, including both rural and urban areas, regions dominated by agriculture, heavy industry and high tech industries, and both large and small regions. These aspects of the study region are in many ways reflective of the diversity present in the U.S. economy and make Virginia MSA an interesting, but not idiosyncratic, case for examining regional spillovers.
Data and Preliminary Analysis

Data description and scope
We estimate the relationship between the unemployment rate and the growth rate of GDP and their industry composition highlight the potential for spillovers stemming from the regional concentration of economic activity and make the Virginia MSA an appealing, but not unusual, case for examining regional spillovers.
Figure 1 Map of Virginia and the Unemployment Rate and Level of Gross State Product (GSP) by MSA during the Great Recession
Source: Virginia Employment Commission, Bureau of Labor statistics, Bureau of Economic Analysis and Author's computations. 
Preliminary Data Analysis
We conduct unit root tests for the unemployment rate and GDP. This is important both conceptually and methodologically. First, a potential source of the persistently high unemployment rates observed is hysteresis. If the natural rate of unemployment depends on aggregate demand, that is, if an increase in cyclical unemployment produces a structural increase in the natural rate of unemployment, unemployment hysteresis can contribute towards positive feedbacks that may push up the unemployment rate. Hysteresis in unemployment is defined by the notion that the equilibrium unemployment rate depends on the history of the actual unemployment rate (Blanchard and Summers, 1987) . Testing for a linear form of hysteresis in unemployment involves testing for a unit root in the unemployment rate series (Cuestas and Gil-Alana, 2011) . Second, analyses of two I(1) series may lead to spurious correlation among them and the potential need to account for a cointegrating relationship among the variables. The presence of a structural break reduces the power of the unit root tests (Perron, 1989) .
Our approach to testing for a unit root in the panel is based on a modification of the Fisher type test which allows for a deterministic break in 2009. We compute p-values for the MSA specific unit root tests with an exogenous break given in 2009 by simulation methods. A permanent break in the levels of the variables is consistent with a one-time break in the growth rates of the series.
We generate 10 0,1 random variables and compute the partial sums indicative of a random walk process defined under the null hypothesis. We then estimate ∆ ∆ , where 1 for years strictly greater than 2008 and obtain the test statistics for the null hypothesis 0. We repeat this process 10,000 times define the p-value from the sorted vector of replicated statistics. The p-values for the individual series are combined in the test statistic, 2 ∑ ln which is distributed as a random variable. Note that this approach differs from that in Perron (1989) due to the fact that the unemployment rate is not a trending process and we therefore omit the deterministic trend.
We further conduct individual Zivot-Andrews tests for each MSA to allow for endogenously determined break points. For each series, 2009 was endogenously selected as the point of the break. We determine the empirical small sample p-values based on simulation methods to construct a fisher type test statistic for the null of a unit root. The results suggest that the unemployment rate is stationary around a break in 2009 and that the growth rate of GDP is stationary around a constant. This indicates that hysteresis in unemployment is not supported in the Virginia MSA.
Methodology
Okun's law measures the relationship between the unemployment rate and the growth rate of economic activity. This relationship is derived from a production function relating output to labor inputs and defined by the marginal productivity of labor inputs in production. In turn, movements between employment and unemployment are tempered by labor force participation rates (Ball et al, 2013) . Okun (1962) estimates this relationship through a regression of the change in the unemployment rate on the growth rate of output. Thirlwall (1969) suggests that this specification may produce results that are biased downwards due to labor hoarding, highlighting that inversion of the relationship is only valid where the variables are perfectly correlated. The Okun (1962) specification, as followed by Weber (1995) and Cuaresma (2003) among many others, is warranted here due to the policy focus on measures to address the persistently high unemployment rates in recent years through stimulus to aggregate demand.
Our methodological framework is based on the general model
Where ∆ is the change in the unemployment rate, is the growth rate of GDP, is an indicator variable for the Great Recession in 2009, are MSA specific fixed effects and is the error term. The difference in how the growth rates are denotes reflects differences in the nature of the unemployment rate and GDP. Specifically, the regression is fundamentally expressed in terms of first differences. As is typical, the GDP series is in logarithms. As such, the first difference expresses the rate of growth. In contrast, the unemployment rate is already measured as a proportion of the labor force and the log transformation is not employed. Thus, the unemployment rate is measured directly as the change in the unemployment rate, the first difference in the series.
The ∑ ∆ and ∑ terms correspond to distance weighted sums for the respective macroeconomic variables in other regions. The correspond to elements of the distance weighting matrix, . The distance matrix has zeros along the diagonals and is normalized such that the row sums are equal to one. The weights are computed as the inverse of the distance squared. The distances are obtained as the Euclidean distances from the centroids of the MSA defined by the Census Bureau.
Model (1) collapses to the standard representation of Okun's law in first differences where 0, that is, where the regional spillovers and asymmetries during the recession are not significant. The model collapses to an asymmetric representation of Okun's law with 0, absent regional spillovers.
Asymmetries in Okun's Law
This general model provides the framework for evaluating asymmetries in Okun's law as well as the importance of regional spillovers in local labor markets. By imposing the assumption that the regional spillovers are zero, 0 , we obtain the standard static model with asymmetries. This allows us to evaluate the importance of asymmetries in Okun's law through the parameter and to examine the influence of omitting the spillovers from the analysis.
(2) ∆
The coefficient corresponds to Okun's coefficient during periods of expansion between 2002 and 2008 and 2010, 2011 , is the corresponding estimate for Okun's coefficient during the Great Recession. Time effects for the remaining periods were found to be insignificant. We similarly fail to find evidence of a permanent structural break in Okun's law following the Great Recession.
We focused on latter part of the Great Recession, occurring in 2009, as opposed to examining periods during which the output gap is negative, as is usual in the literature, or the entire recession. The reason for this is that explanations regarding the potential sources for asymmetries in Okun's law, including pessimistic personnel policies, inventory and idle capacity and job matching theories, are rather consistent with a stronger relationship during the onset of the contraction. In 2009, this coincided with substantial cash-flow constraints induced by the absence of liquidity in financial markets that may have contributed towards reductions in payrolls.
The Wooldridge test for autocorrelation in panel data yields a p-value of 0.0002 which suggests that we reject the null of no first-order serial correlation. We therefore consider generalized least squares estimates for the regression model that allow for first order serial correlation as well as iterated generalized least squares estimates with panel AR(1) serial correlation. The former considers quasi-differenced data based on estimates for the strength of the AR(1) serial correlation. The latter considers MSA specific AR(1) correlated errors. Both are estimators corrected for serial correlation and allow for testing for asymmetries in Okun law by testing the hypothesis that 0. These estimators are asymptotically efficient.
Regional spillovers
Accounting for regional spillovers is important due to important spatial interactions between neighboring cities over their employment cycles (Owyang et al. 2013) . The presence of regional spillovers suggests that correlation among the metropolitan areas can induce nonspherical disturbances due to serial correlation which, in the presence of spatially lagged dependent variables, will cause OLS estimates to produce inconsistent estimates (Anselin, 1988) .
To address these issues, we add terms that correspond to the change in the unemployment rate and GDP growth in neighboring areas and estimate the model by maximum likelihood. Estimates are produced using Stata; the data set and do files are available from the author upon request.
The addition of the spatially lagged growth rate of GDP is natural in defining regional spillovers in Okun's law. In well integrated labor markets, the growth rate of GDP in neighboring regions affects the local rate of unemployment. The addition of the spatially lagged unemployment rate is based on the fact that individuals within a particular MSA, who are therefore counted among the unemployed in that region, may not work in the metropolitan area.
As unemployment growth here will affect both individual income and GDP growth in neighboring MSA, this can influence the demand for goods and services and therefore the unemployment rate in neighboring areas. In this way spatial autocorrelation becomes important.
Failure to account for spillovers of this nature may lead to biased estimates. Asymmetries for the regional spillovers were not found to be statistically significant suggesting that the influence of regional spillovers did not increase significantly during the Great Recession, and are therefore not included in our model.
The regional spillovers generate feedbacks among the MSA that define the effect of a change in the growth rate of output on the unemployment rate. Following LeSage and Pace (2009) and Debarsy et al. (2012) , the direct and indirect effects of increases in growth rate of GDP are derived from the equilibrium implied by the spatial difference equation in (1) once the feedbacks among all of the regions have been accounted for. The strength of the ultimate resolution of the regional feedbacks depends on proximity and is therefore MSA specific and described by the matrix S.
(3)
As such, to define the direct effects of changes in the growth rate of GDP we average the estimated effects over each of the MSA. This measures the change in the unemployment rate in a particular region due to a change in the growth rate of GDP in the region, once the spillovers have been accounted for. The indirect effects measure the average effects, across all MSA, of changes in the growth rate of output in all other regions on unemployment in a particular region.
The total effects are then the sum of these two effects and measure the change in unemployment in a region due to a change in the growth rate of output in all regions.
Empirical Results
Okun's Law and Asymmetries
Table 2 presents the estimates for Okun's Law coefficient using the first difference specification stated in equation (2). The coefficient estimate for the whole sample, resulting from the assumption of an absence in a break in the coefficient, 0, implies that a percentage point increase in GDP growth reduces unemployment by 0.19 percentage points. Our estimate for the Okun coefficient is substantially smaller than the central estimate of 0.3, a finding that is consistent with the international evidence that the relationship between unemployment and GDP is weaker at the sub-national levels. suggest a significant increase in the strength of the relationship between unemployment and GDP during the recession. During the last decade, for periods of economic growth in VA, the estimated coefficient is -0.10 and during the recession the estimated coefficient is -0.67 with 95% confidence interval around the sum given by [-0.82,-0.51 ]. This suggests an additional 0.57 percentage point increase in the unemployment rate for every percentage point loss in GDP during the recession.
The estimated asymmetries show a larger difference between periods of expansion and contraction than that estimated for the U.S. economy. Cuaresma (2003) 
Regional Spillovers
The preceding analysis highlights that Okun's coefficient is smaller and, more importantly, that the asymmetries in Okun's law during periods of economic contraction are greater at the sub-national level. Table 3 presents the estimated Okun's coefficient and the importance of regional spillovers in determining the local unemployment rate. It is these regional spillovers that tie together estimates for Okun's law at the local and national levels.
The estimate of Okun's law coefficient for the direct effects of output growth on unemployment within the MSA is -0.06, nearly a third of that found when spillovers are not accounted for. Regional spillovers are fairly large and responsible for more than eighty percent of the total change in the unemployment rate. An increase in output growth in all of the other MSA reduces local unemployment by -0.30 percentage points. The combined effect of local and regional growth on local area unemployment is -0.36, quite similar to that obtained at the national level.
The asymmetries in the relationship between the change in the unemployment rate and output growth are also driven by regional spillovers. During periods of expansion, local economic growth reduces the unemployment rate by only 0.04 percentage points. During the Great Recession, however, the increase in the unemployment rate was 0.20 percentage points larger, indicating that the unemployment rate increased by 0.24 percentage points for a one percentage point reduction in the local growth rate of economic activity. The influence of growth in neighboring regions, however, is substantial and the asymmetries in the relationship, driven by regional spillovers, are nearly three times as strong as those induced by local effects. To ascertain the relative importance of the direct and spillover effects, tests for equality in these effects were conducted. The p-value for the test of the difference in the point estimates for the direct and indirect effects, against a one-sided alternative, is 0.08 for the symmetric model and 0.06 for the asymmetric model during periods of contraction. Accordingly, the spillovers are statistically larger than the direct effects, accounting for more than half of the total effect of output on unemployment. Note, however, that even the rejection of the null would be consistent with sizable spillover effects as it suggests that they would be statistically of the same magnitude as the direct effects.
The total effect of an increase in the growth rate of economic activity in all regions in a single MSA mirrors those effects found for Okun's law at the national level. During periods of expansion a one percentage point increase in the growth rate of economic activity reduces the unemployment rate by 0.19 percentage points. In 2009, during the Great Recession, a one percentage point reduction in the growth rate of economic activity across all Virginia MSA increased the unemployment rate, on average, by nearly a percentage point. The asymmetries are naturally very large although the national estimates are within the margin of error for the estimated effect. The importance of regional spillovers reflects, and can be explained in part by, the concentration of economic activity in the Washington-Arlington-Alexandria (DC-VA-MD-WV), Virginia Beach-Norfolk-Newport News (VA-NC) and Richmond coupled with the relatively small share of employment and output in the remaining MSA. Table 4 presents a sensitivity analysis for the importance of regional spillovers and asymmetries in Okun's law in Virginia. We consider three alternative distance weighting matrices. While the results are generally consistent across the various distance matrices, these results highlight the importance of distance in defining regional spillovers. Distance weighting matrices that impose a smaller penalty for distance tend to provide for larger asymmetries and larger regional spillovers.
Sensitivity Analysis
Furthermore, given the size and importance of the Washington-Arlington-Alexandria MSA, which encompasses the District of Columbia and Northern Virginia, we conduct a sensitivity analysis which excludes this region. The exclusion of this MSA from the analysis has a very small effect on our estimates of the importance of asymmetries and regional spillovers in Okun's Law. Naturally, the reduction in the number of observations due to the exclusion of this region increases the variance in our estimators.
The general picture that emerges from this sensitivity analysis is that the distance between the regions is important in defining the strength of regional spillovers and that our central modeling assumptions represents a somewhat conservative assessment of the importance of regional spillovers.
Conclusions and Policy Implications
The purpose of this paper is to examine the strength of the relationship between unemployment and GDP at the MSA level, to determine the extent to which this relationship has been stable in Virginia through the Great Recession and to examine the importance of regional spillovers in Okun's law. Our results highlight the importance of regional spillovers in well integrated product and labor markets and strong asymmetries in Okun's law across the business cycle. The fairly substantial spillovers among regions tie together the disparities observed in estimates for Okun's coefficient at the national and sub-national levels. Failure to account for these regional spillovers leads to results that suggest a substantially weaker relationship between unemployment and GDP in Virginia than that estimated for the U.S. economy.
These results have several important implications for policy. In particular, although we focus on the Virginia/Washington D.C. area, the results are far from parochial. First, the weaker relationship between GDP and unemployment at the local level suggests that while federal fiscal and monetary policies to stimulate aggregate demand during periods of economic recovery may be effective, over time, in reducing the unemployment rate, local economic development policies are not effective in achieving the substantial short term reduction in unemployment needed during recovery. These results are consistent with those found in the literature regarding the effectiveness of state and local economic stabilization policies. In general, the effects of local policies are weak and stabilization policies are better addressed at the federal level [see, for example, Oates (1972) , and Carlino and Inman (2013)]. This is particularly important due to the large role that regional spillovers play in local labor markets.
Second, the asymmetries in Okun's law across the business cycle have implications for both the nature and the timing of policies to improve labor market outcomes. The presence of asymmetries in Okun's law suggests that, during a weak recovery, the increase in economic growth required to recover the jobs lost during the recession may be substantial. The magnitudes involved are especially aggravated by the presence of more substantial asymmetries at the regional level, relative to those estimated for the U.S. The stronger business cycle effects observed in a state like Virginia, relative to the U.S., suggests that countercyclical policies are fundamentally important and should be targeted more generally to exploit regional spillovers.
That is, early action to mitigate the drop in aggregate demand will have a more pronounced effect on unemployment than policies designed during the recovery to accelerate job growth.
